AGAT and GAMT, the two enzymes of the creatine synthesis pathway, are well expressed within CNS, suggesting autonomous brain creatine synthesis. This contradicts SLC6A8 deficiency, which causes creatine deficiency despite CNS expression of AGAT and GAMT. We hypothesized that AGAT and GAMT were not coexpressed by brain cells, and that guanidinoacetate must be transported between cells to allow creatine synthesis. We finely analyzed the cell-to-cell co-expression of AGAT, GAMT and SLC6A8 in various regions of rat CNS, and showed that in most structures, cells co-expressing AGAT + GAMT (equipped for autonomous creatine synthesis) were in low proportions (b 20%). Using reaggregating brain cell cultures, we also showed that brain cells take up guanidinoacetate and convert it to creatine. Guanidinoacetate uptake was competed by creatine. This suggests that in most brain regions, guanidinoacetate is transported from AGAT-to GAMTexpressing cells through SLC6A8 to allow creatine synthesis, thereby explaining creatine deficiency in SLC6A8-deficient CNS.
Introduction
In mammals, creatine (Cr) is taken from diet or synthesized by a two-step mechanism involving L-arginine:glycine amidinotransferase (AGAT) yielding guanidinoacetate (GAA) as intermediate, and guanidinoacetate methyltransferase (GAMT) converting GAA to Cr. Cells take up Cr through a specific transporter, SLC6A8 (Wyss and KaddurahDaouk, 2000) .
Central nervous system (CNS) is the main organ affected in Cr deficiency syndromes caused by AGAT, GAMT or SLC6A8 deficiency (Stöckler et al., 1994; Schulze et al., 1997; Salomons et al., 2001; Item et al., 2001) . These patients present neurological symptoms in infancy, including mental retardation and delays in speech acquisition. GAMT, and often SLC6A8 deficiencies, also cause epilepsy. Cr deficiencies are characterized by strongly decreased Cr levels in CNS, as measured by magnetic resonance spectroscopy (MRS). AGAT-and GAMT-deficient patients can be treated with oral Cr supplementation, while Cr supplementation of SLC6A8-deficient patients does not restore brain Cr (Stöckler et al., 2007; Schulze and Battini, 2007) .
Brain cells synthesize Cr, as shown in organotypic cultures (Braissant et al., 2002; Almeida et al., 2006) . In vivo, AGAT and GAMT are found in all brain cell types (neurons, astrocytes, oligodendrocytes); SLC6A8 is expressed in neurons and oligodendrocytes but not in astrocytes, and is present in microcapillary endothelial cells (MCEC) forming blood-brain barrier (BBB) (Braissant et al., 2001a; Ohtsuki et al., 2002; Schmidt et al., 2004; Tachikawa et al., 2004) . Apart of BBB, astrocyte feet around MCEC are more and more recognized as true regulators of water and metabolite exchanges between periphery and CNS (Nedergaard et al., 2003) . SLC6A8 absence from astrocytes suggested thus that BBB has a limited permeability for Cr (Braissant et al., 2001a) . This is supported in vivo: the blood to brain Cr transport appears relatively inefficient in rodents (Ohtsuki et al., 2002; Perasso et al., 2003) and the replenishment of CNS Cr pools in AGAT-and GAMT-deficient patients supplemented with high doses of Cr is slow and only partial (Schulze and Battini, 2007) . Moreover, Cr levels are normal in CSF of SLC6A8-deficient patients unable of Cr import from periphery, while they are strongly decreased in CSF of GAMT-deficient patients who can import Cr from periphery (Braissant and Henry, 2008) .
These observations suggest that CNS depends more on autonomous Cr synthesis than on supply from periphery. This seems contradictory with SLC6A8-deficient patients who, despite AGAT and GAMT expression in CNS, show strongly decreased levels of brain Cr. We hypothesized that the brain cell-to-cell AGAT, GAMT and SLC6A8 expression pattern might explain this contradiction: AGAT and GAMT, which can be found in every CNS cell types, might not be co-expressed within the same cells. That would also imply that GAA must be transported between brain cells for Cr synthesis to occur. This work aimed at dissecting the cell-to-cell co-expression of AGAT, GAMT and SLC6A8 within various regions of rat CNS. Moreover, brain cell GAA uptake and its conversion to Cr were analyzed by tandem mass Neurobiology of Disease 37 (2010) [423] [424] [425] [426] [427] [428] [429] [430] [431] [432] [433] 
